A Gram-staining-negative, non-motile, cream-coloured and rod-shaped bacterium, designated strain LNB2
Molecular Biology Laboratory, Department of Zoology, University of Delhi, Delhi 110007, India A Gram-staining-negative, non-motile, cream-coloured and rod-shaped bacterium, designated strain LNB2
T , was isolated from a hexachlorocyclohexane-contaminated dump site in the village of Ummari, in northern India. The taxonomic position of the novel strain was investigated by using a polyphasic approach. In a phylogenetic analysis based on 16S rRNA gene sequences, strain LNB2 T appeared to be most closely related to Sphingomonas haloaromaticamans A175 T (98.0 % sequence similarity) and Sphingomonas histidinilytica UM2 T (97.3 %). In DNA-DNA hybridizations, the levels of DNA-DNA relatedness between the novel strain and S. haloaromaticamans A175 T and S. histidinilytica UM2 T were found to be low (8.6 % and 5.6 %, respectively). The genomic DNA G+C content of strain LNB2 T was 61.0 mol%. The novel strain's predominant fatty acids were summed feature 8 (C 18 : 1 v7c and/or C 18 : 1 v6c), C 16 : 0 , summed feature 3 (C 16 : 1 v7c and/or C 16 : 1 v6c), C 14 : 0 2-OH, C 17 : 1 v6c and 11-methyl C 18 : 1 v7c. The major ubiquinone was Q-10, the predominant polyamine was homospermidine, and the major polar lipids were diphosphatidylglycerol, phosphatidylglycerol, phosphatidylcholine, sphingoglycolipid, phosphatidylethanolamine and phosphatidyldimethylethanolamine. Based on the phylogenetic, biochemical and chemotaxonomic evidence and the results of the DNA-DNA hybridizations, strain LNB2 T represents a novel species of the genus Sphingomonas, for which the name Sphingomonas laterariae sp. nov. is proposed. The type strain is LNB2 T (5MTCC 10873
The family Sphingomonadaceae currently consists of 11 genera: Blastomonas, Erythromonas, Novosphingobium, Sandaracinobacter, Sandarakinorhabdus, Sphingobium, Sphingomonas, Sphingopyxis, Sphingosinicella, Stakelama and Zymomonas (Euzéby, 2011). The genus Sphingomonas was proposed by Yabuuchi et al. (1990) but the description of the genus was subsequently emended by Takeuchi et al. (2001) . Analysis of 16S rRNA gene sequences has indicated that the genus Sphingomonas, which, at the time of writing, comprises 65 recognized species (Euzéby, 2011) , belongs to the a-4 subclass of the phylum Proteobacteria (Takeuchi et al., 1994) . The members of this genus are rod-shaped, yellow, orange or off-white, non-sporulating, aerobic, Gram-staining-negative and motile (with a single polar flagellum) or non-motile (Busse et al., 2003) . Among Gram-staining negative bacteria, only species in the genus Sphingomonas are known to lack lipopolysaccharide in their outer membranes (Kawahara et al., 1999) . Instead, sphingomonads have glycosphingolipids as major components of their outer membranes. These compounds, which contain chains of carbohydrates that are far shorter than those that occur in lipopolysaccharides, make the cell surfaces of sphingomonads more hydrophobic than those of any other Gram-staining-negative bacteria that have been investigated. It is this hydrophobicity that probably enables sphingomonads to degrade polycyclic aromatic hydrocarbons such as hexachlorocyclohexane, and also makes such bacteria susceptible to hydrophobic antibiotics (Balkwill et al., 2006; Raetz et al., 2007; Singh & Lal, 2009; Bala et al., 2010) .
During a multi-year study on the microbial diversity at a hexachlorocyclohexane dump site in the village of Ummari, close to the city of Lucknow in northern India (Kumari et al., 2009) , soil samples were collected from a heavily contaminated area of the site, within an old brick kiln (27 u 09 25.10 N 81 u 89 54.80 E). These samples were serially diluted, plated on Luria-Bertani (LB) agar supplemented with nystatin (100 U ml
21
) and streptomycin (200 mg ml 21 ) (Dadhwal et al., 2009) and then incubated at 28 u C. Among several colonies that appeared, one was picked out and designated strain LNB2
T . This novel strain was preserved in 40 % (v/v) glycerol at 280 u C and cultured routinely, on LB agar or in LB broth, at 28 u C. The taxonomic position of the strain was investigated using a polyphasic approach.
Analysis of the novel strain's 16S rRNA gene sequence was carried out as described by Prakash et al. (2007) . The quality of the determined sequence (1405 nt) was checked manually and the BLAST program (Altschul et al., 1997) was used to identify established species with similar 16S rRNA gene sequences. Multiple sequences, selected using the EzTaxon server 2.1 (http://www.eztaxon.org/; Chun et al., 2007) , were aligned using version 1.81b of CLUSTAL_X (Thompson et al., 1997) . The trimming of terminal nucleotides that were not common to all sequences was carried out manually. An evolutionary distance matrix was calculated, using the model of Jukes & Cantor (1969) , within version 1.3b of the TREECONW software package ( Van de Peer & De Wachter, 1994 ). An evolutionary tree was then constructed using the neighbour-joining method of Saitou & Nei (1987) . The topology of the tree was evaluated by using bootstrap analysis with 1000 replicates (Fig. 1) . Similar tree topologies were obtained (data not shown) when phylogenetic trees were constructed using Kimura's two-parameter model, within TREECONW, and the maximum-parsimony algorithm, within version 3.63 of the PHYLIP package (Felsenstein, 1993) . In each tree, strain LNB2
T formed a monophyletic group with Sphingomonas haloaromaticamans A175
T and other sphingomonad species. In pairwise comparisons of 16S rRNA gene sequences, strain LNB2
T appeared to be most closely related to S. haloaromaticamans A175 T (98.0 % sequence similarity) and Sphingomonas histidinilytica UM2
T ( DNA-DNA hybridization studies were conducted between strain LNB2 T , S. haloaromaticamans A175 T and S. histidinilytica UM2 T , using the membrane-filter method (Bala et al., 2004; Kaur et al., 2011) . The amount of probe bound to the DNA was evaluated in a FLA-5000 imaging system (Fujifilm), with signal intensities digitalized and recorded using version 3.0 of the MultiGauge software package (Fujifilm). The signal intensity of each dot representing a heterologous reaction was expressed as percentage of that seen with the relevant homologous reaction. The DNA-DNA relatedness values recorded between strain LNB2 T and S. haloaromaticamans A175 T (8.6 %) or S. histidinilytica UM2 T (5.6 %; see Table S1 , available in IJSEM Online) fell well below the threshold value, of 70 %, recommended for the delineation of bacterial species (Wayne et al., 1987; Stackebrandt & Goebel, 1994) .
The genomic DNA G+C content of the novel strain was determined as described by Gonzalez & Saiz-Jimenez The biochemical, physiological and morphological characterization of strain LNB2 T was carried out using cells cultured at 28 uC in LB broth or on LB agar. Growth of the novel strain on nutrient agar (NA), tryptone soya agar (TSA) and MacConkey agar was also evaluated. Colony shape and colour were observed on LB agar after incubation at 28 u C for 48-72 h. Growth at 4-55 u C, at pH 4-12, and with 0-5 % (w/v) NaCl was investigated as described by Arden-Jones et al. (1979) . Gram staining was tested using a Gram staining kit (HiMedia). Cell motility was tested on motility agar (Farmer, 1999) and the method of Kumar et al. (2008) was used to check cells for flagella, in a transmission electron microscope (269D, Morgagni).
Antibiotic sensitivity was determined at 28 u C on MuellerHinton agar (HiMedia) using commercial antibiotic discs (HiMedia). The hydrolysis of Tweens 20 and 80 was investigated as described by Arden-Jones et al. (1979) while the hydrolysis of casein, gelatin and starch was tested using the methods of Cowan & Steel (1965) . Tests for the production of indole and nitrate reduction were carried out as described by Smibert & Kreig (1994) . A HiCarbohydrate kit (HiMedia) was used to explore the utilization of carbohydrates and citrate, b-galactosidase activity and aesculin hydrolysis while amino acid utilization was tested using the method described by Mechichi et al. (2000) . Catalase activity was checked by adding 3 % (v/v) H 2 O 2 to colonies grown on LB agar (McCarthy & Cross, 1984) . Bacteriological differentiation discs (HiMedia) were used to test for oxidase activity. Urease activity was evaluated by the method of Christensen (1946) , xanthine and hypoxanthine degradation by the method of Gordon et al. (1974) , and DNase activity by using DNase agar (HiMedia) supplemented with 0.005 % (w/v) methyl green.
Several biochemical features could be used to distinguish strain LNB2
T from S. haloaromaticamans A175 T and S. histidinilytica UM2 T (Table 1 ). The novel strain was, for example, found positive in tests for oxidase activity, nitrate reduction, the utilization of D-mannose and the assimilation of L-serine and 4-amino-n-butyric acid but S. haloaromaticamans A175
T was found to give a negative result in each of these tests. Similarly, for urease production and the utilization of D-glucose, D-galactose and D-mannose, strain LNB2
T was found to give a positive result and S. histidinilytica UM2 T was found to be negative.
In the tests described by Kumari et al. (2002) , the novel strain was found to be unable to degrade hexachlorocyclohexane isomers and not to carry linA and/or linB (the primary catabolic genes for hexachlorocyclohexane degradation). Fatty acid methyl ester (FAME) analysis was carried out as described by Miller (1982) and Kuykendall et al. (1988) , using a 6890 gas chromatograph (Agilent) and version 6B of the RTSBA6 database (MIDI). The cell biomass used for this analysis was produced by incubation on TSA at 28 u C for 24 h. The fatty acids of the novel strain and its closest known relatives are summarized in Table 2 . The predominant fatty acids were summed feature 8 (C 18 : 1 v7c and/or C 18 : 1 v6c; 39.8 %), C 16 : 0 (16.2 %), summed feature 3 (C 16 : 1 v7c and/or C 16 : 1 v6c; 14.2 %), C 14 : 0 2-OH (6.5 %), C 17 : 1 v6c (6.0 %) and 11-methyl C 18 : 1 v7c (5.3 %). The novel strain's major fatty acid (C 18 : 1 v7c and/or C 18 : 1 v6c) and its predominant hydroxy fatty acid (C 14 : 0 2-OH) have been reported as the characteristic fatty acids of the genus Sphingomonas (Busse et al., 2003) .
Polar lipids were extracted from lyophilized cells (100 mg) and analysed by two-dimensional TLC using 969 cm 60 F254 silica-gel plates (Merck) and the methods described by Bligh & Dyer (1959) and Gupta et al. (2008) . The polar lipid profile of strain LNB2 T consisted of diphosphatidylglycerol, 
*Reported as negative by Nigam et al. (2010) .
Sphingomonas laterariae sp. nov.
phosphatidylglycerol, phosphatidylcholine, sphingoglycolipid, phosphatidylethanolamine and phosphatidyldimethylethanolamine (see Fig. S1 , available in IJSEM Online). Bacterial polyamines were extracted and analysed by TLC using the methods of Madhubala (1998) , with 10 mg of extracted sample loaded on a 20620 cm TLC plate of 60 F254 silica gel and ethyl acetate/cyclohexane (2 : 3, v/v) used as the running solvent. Homospermidine was found to be the novel strain's major polyamine.
Quinones were extracted from 200 mg dry cell mass with methanol (10 ml of 0.3 % NaCl in 100 ml methanol) and petroleum ether (1 : 1, v/v). The upper phase was collected and dried in a rotary evaporator (Rotavapor, Buchi). The residue was then dissolved in 100 ml acetone and the resultant extract was separated on a 20620 cm TLC plate of 60 F254 silica gel, using petroleum ether (boiling point 60-80 u C) /diethyl ether (85 : 15, v/v) as the running solvent. Ubiquinone Q-10 was found to be the major isoprenoid quinone. In terms of its major polyamine and quinne, strain LNB2 T is again similar to the type strains of recognized members of the genus Sphingomonas (Busse et al., 1999; Takeuchi et al., 2001 ).
Based on the morphological, physiological, biochemical and phylogenetic evidence and the results of the DNA-DNA hybridizations, strain LNB2
T represents a novel species of the genus Sphingomonas, for which the name Sphingomonas laterariae sp. nov., is proposed.
Description of Sphingomonas laterariae sp. nov.
Sphingomonas laterariae (la.te.ra.ri9a.e. L. gen. n. laterariae of a brick kiln).
Gram-staining negative, aerobic, non-motile and rodshaped (0.5-0.661.3-1.7 mm), without flagella (Fig. S2) . Growth occurs on NA, TSA, LB agar and MacConkey agar, with luxuriant growth on TSA and LB agar. After 48 h on LB agar at 28 u C, colonies measure 0.5-1.2 mm in diameter and are cream-coloured, smooth, round and convex, with entire margins. Good growth occurs at 28 u C, at pH 6-9, and with 0-3 % (w/v) NaCl. Catalase-and oxidase-positive. Positive result in tests for urease production and nitrate reduction. Negative result for the hydrolysis of aesculin and gelatin and the degradation of xanthine and hypoxanthine. T 5CCM 7880 T 5DSM 25432 T ), was isolated in Ummari village, near Lucknow, India. The genomic DNA G+C content of the type strain is 61.05 mol%. 
